word count: 249 words 24 Text-only word count: 3401 words 25 ABSTRACT 30 Purpose: To assess whether combining prior 'priming' exercise with an all-out pacing 31 strategy was more effective at improving O 2 uptake ( O 2 ) kinetics and cycling performance 32 than either intervention administered independently. Methods: Nine males completed target-33 work cycling performance trials using a self-paced or all-out pacing strategy with or without 34 prior severe-intensity (70%Δ) priming exercise. Breath-by-breath pulmonary O 2 and 35 cycling power output were measured during all trials. Results: Compared to the self-paced-36 unprimed control trial (22 ± 5 s), the O 2 mean response time (MRT) was shorter ( O 2 37 kinetics was faster) with all-out pacing (17 ± 4 s) and priming (17 ± 3 s), with the lowest O 2 38 MRT observed when all-out pacing and priming were combined (15 ± 4 s) (P<0.05). 39 However, total O 2 consumed and end-exercise O 2 were only higher than the control 40 condition in the primed trials (P<0.05). Similarly, cycling performance was improved 41 compared to control (98 ± 11 s) in the the self-paced-primed (93 ± 8 s) and all-out-primed (92 42 ± 8 s) trials (P<0.05), but not the all-out-unprimed trial (97 ± 5 s; P>0.05). Conclusions: 43
INTRODUCTION 67
Cycling performance is a function of the power required to overcome resistive forces (e.g., 68 air and rolling resistance) and power generation from the contracting skeletal muscles. [1] [2] The 69 potential of the skeletal muscles to maintain a high power output is influenced by the energy 70 contribution from aerobic and anaerobic metabolism. [3] [4] Whilst oxidative ATP turnover 71 increases exponentially following the onset of exercise, muscle ATP demand increases 72 immediately, which mandates an important energy contribution from anaerobic metabolism 73 in the initial stages of exercise. 5 At a given rate of ATP turnover, speeding the rate at which 74 pulmonary oxygen uptake ( O 2 ) increases over the initial stages of exercise would be 75 expected to attenuate the reliance on the finite anaerobic energy reserves and blunt the 76 accumulation of metabolites linked to the process of muscle fatigue. 5 Therefore, 77
interventions that enhance pulmonary O 2 kinetics would be hypothesised to increase mean 78 skeletal muscle power output during short-duration high-intensity exercise, permitting a 79
higher cycling speed and a faster race completion time. 6 80 81
Pulmonary O 2 rises with more rapid overall response kinetics after prior 'priming' exercise 82 compared to control 7-9 and also when exercise is initiated with a fast-start or all-out strategy 83 compared to even-start and slow-start strategies. [10] [11] [12] [13] [14] [15] Moreover, performing priming exercise 84 prior to, 9 or adopting fast-start or all-out pacing strategies during, 11,15 very high work rates 85 where fatigue ensues before the peak O 2 ( O 2peak ) can be attained (i.e., extreme-intensity 86 exercise), 16 increases the percentage of the O 2peak that can be achieved. In addition to 87 improving aspects of O 2 kinetics, priming exercise and fast-start or all-out pacing strategies 88 have been shown to improve exercise tolerance 7, 9, 14 During the first familiarization trial (visit 2), subjects were familiarised to the 'standing' start 131
and were required to complete three 40 kJ trials lasting approximately 100-s. The resistance 132 on the pedals during the trials was set for each individual using the linear mode of the Lode 133 ergometer so that the subject would attain the power output associated with 70%Δ on 134 reaching their preferred cadence (linear factor = power/preferred cadence 2 ). Subjects were 135
provided with a 5-s countdown prior to the commencement of all cycling trials. In addition 136
to a warm up, the first trial was used to familiarize subjects to the fixed resistance that would 137 be imposed in all subsequent trials. In this first trial, subjects were instructed to complete the 138 40 kJ warm up by cycling at a submaximal cadence of 70-90 rpm. Following a 10-min 139 passive recovery period, subjects repeated the 40 kJ trial but, on this occasion, they were 140 instructed to complete the 40 kJ in the fastest time possible using a self-selected pacing 141 strategy. Following a further 25-30-min passive recovery, subjects completed a third 40 kJ 142 trial using an 'all-out' pacing strategy. The power output was continuously recorded at 5-Hz 143 during these trials and averaged into 1-s bins for subsequent analysis. To estimate the work 144 required for a completion time of 100-s for each individual subject, the mean power output 145 during the self-paced trial was multiplied by 100. This individualized work target was set 146 during all subsequent experimental trials in an attempt to yield a completion time reflective of 147 a 1000-m track cycling performance for a trained but sub-elite cyclist. 24 148 149
During the second familiarization trial, subjects were familiarized to the priming exercise 150 protocol and completed two additional trials at their individualized work target. The priming 151 exercise protocol comprised 4-min of baseline cycling at 20 W before an abrupt transition to 152 the severe-intensity target work rate (70% ∆). The severe-intensity priming bout was 5-min 153 in duration. Following a 17-min passive recovery, subjects remounted the cycle ergometer 154
and rested for an additional 3-min. This priming regime was selected since it has been shown 155 to be particularly effective at improving performance during subsequent high-intensity 156 cycling exercise. 7 Subjects then completed their individualized work target as quickly as 157 possible using a self-paced pacing strategy. Following 25-30-min passive recovery, subjects 158 completed a third performance trial using an 'all-out' pacing strategy. Therefore, all subjects 159 completed 5 repetitions of the performance trial and one repetition to the priming bout prior 160 to the experimental testing. 161 162
Experimental Trials 163
In a randomized order, subjects completed self-paced and all-out trials with and without 164 severe-intensity priming exercise over four separate experimental trials. Subjects were 165
instructed to complete each trial as quickly as possible. Each trial was preceded by 3-min of 166 resting baseline on the cycle ergometer. Ten seconds prior to the commencement of each 167 trial, subjects were instructed to adjust the crank angle to their preferred starting position, 168
which was established in the familiarization trials and replicated in all experimental trials, 169
and to assume a standing position on the cycle ergometer. Subjects were then provided with 170 a 5-s countdown to indicate when the trial would commence. For the initial 10-s of the trial, 171
subjects were required to cycle in the upright position before being instructed to assume a 172 seated position for the remainder of the trial. Subjects were made aware of their work target 173 prior to each trial and the work target and accrued work during the trial was displayed on a 174
computer screen placed directly in front of the subject. The [HHb] kinetics during the exercise bouts was determined by fitting a mono-exponential 211 model with a time delay (TD) from the first data point which was 1 SD above the baseline 212 mean. The [HHb] TD and τ values were summed, to provide information on the overall 213
[HHb] response kinetics. We quantified the [HHb] kinetics during the trials using three 214 different fitting procedures: 1) the fitting window was constrained to the point at which 215 mono-exponentiality became distorted, consequent to a gradual fall in [HHb], as determined 216 by visual inspection of the residual plots data (peak fit); 2) the fitting window was 217 constrained to T min (T min fit); and 3) the HHb data were fit to end-exercise (end-exercise fit). 218
The higher 20-s into exercise in the primed trials compared to the all-out-unprimed condition 249 (P<0.05; Table 2 ). Muscle [HHb] τ + TD was shorter in both primed trials compared to the 250 self-paced-unprimed control (P<0.05; Figure 1 ; compared to the all-out-unprimed and self-paced-primed conditions (P<0.05; Table 3 ; Figure  256 2). The total O 2 consumed and the total O 2 consumed relative to work done over the first 60-257 s of exercise were greater in the self-paced-primed and all-out primed trials compared to their 258 respective unprimed conditions (P<0.01; Table 3 ). 262 263
Cycling Performance 264
The peak power output and total work done over the first 60-s were higher in the all-out trials 265 (P<0.05), whereas end-exercise power output was higher with priming (P<0.05; Figure 3) . 266 Trial completion time was faster than control (98 ± 11-s) in the self-paced (93 ± 8-s) and all-267 out (92 ± 8-s; both P<0.05) primed trials, but not with all-out pacing alone (97 ± 5-s; P>0.05; 268 Figure 4 ). Completion time was also shorter in the all-out trial after priming compared to the 269 all-out trial without priming (P<0.05). 270 271 DISCUSSION 272
The principal original findings from this study are that muscle (de)oxygenation, pulmonary 273 O 2 and performance were similar during short-duration high-intensity cycling exercise 274 initiated with a self-paced or all-out pacing strategy in the unprimed state, but that these 275 variables were enhanced by a similar magnitude when either of these pacing strategies was 276 preceded by a bout of priming exercise. These findings might have important implications 277 for performance enhancement in short-duration high-intensity events, such as 1000-m track 278
cycling, and suggest that priming exercise is similarly effective at improving muscle 279 (de)oxygenation, pulmonary O 2 and cycling performance irrespective of whether an all-out 280 or self-paced pacing strategy is applied. 281 282
When all-out pacing and priming were combined, the O 2 MRT (when modelled to T min ) was 283
12% smaller compared to either intervention administered independently, or 32% smaller 284 than the control trial. The O 2 MRT was 23% smaller compared to the control trial with 285 priming or all-out pacing alone. Faster overall O 2 kinetics have been reported in previous 286 studies following priming exercise 7-9,25 and when fast start strategies are employed. 11,13-15,25 287
In contrast to the findings of this study, a recent study observed no additive effect of 288 combining heavy-intensity priming and a fast-start strategy on the O 2 MRT. 25 These 289 conflicting findings might be linked to between-study differences in priming intensity and 290 pacing strategies, and the potential for more rapid O 2 kinetics with the severe-intensity 291 priming 7 and all-out pacing strategy 15 used in the current study, relative to the heavy-intensity 292 priming and fast-start strategy imposed by Caritá et al. 25 Nonetheless, despite an additive 293 improvement in the O 2 MRT, the total O 2 consumed up to T min and the O 2 attained at end-294 exercise were higher in both primed trials, but were not different between the two primed 295 trials or between the two unprimed trials. Indeed, subjects were able to attain their O 2peak 296 (i.e., as measured on the initial ramp test) during the short-duration cycling bouts after 297 priming regardless of pacing strategy employed whereas without priming, they were not. This 298
is consistent with reports that priming exercise permits the attainment of O 2peak during 299 extreme-intensity exercise where O 2peak is not attained in the unprimed condition. 9 300
Therefore the attainment of O 2peak with priming permitted a greater total O 2 consumption, 301
whereas the faster O 2 kinetics with an all-out start was not sufficient to increase total O 2 302 consumption as the percentage of O 2peak attained was not significantly altered. 303 304
Muscle blood flow at rest and during the initial stages of exercise has been shown to increase 305 after completing intense priming exercise. [26] [27] Although total O 2 consumption over the initial 60-s of exercise was greater with priming, 320 changes in total O 2 consumption between the experimental conditions were not proportional 321
to alterations in power output in all conditions. Commencing exercise at a higher power 322 output, as observed when all-out pacing strategies are employed, would be expected to 323 promote more rapid increases in aerobic, anaerobic and total ATP turnover rates. 30 324 Therefore, while O 2 increased more rapidly in the all-out trials relative to the self-paced-325 unprimed trial, this potential for an increased aerobic energy yield in the all-out conditions 326 was accompanied by a greater total work done over the initial stages of exercise. 327
Accordingly, the O 2 consumed per unit work, and presumably the proportional aerobic 328 energy contribution, was not significantly different from the self-paced-unprimed trial in 329 either all-out trial over the first 60-s of exercise. However, since priming exercise does not 330 increase the total ATP turnover rate in a subsequent bout of exercise at the same absolute 331 work rate [26] [27] and since the pattern of work rate distribution over the first 60-s was similar for 332 primed and unprimed conditions when the same pacing strategy was employed, the total ATP 333 turnover rate and its temporal fluctuation might be expected to be similar between the two 334 self-paced trials, and the two all-out trials. The O 2 consumed per unit work over the first 60-s 335 was higher after priming (~9% and ~7% for self-paced-primed compared to self-paced-336
unprimed and all-out-primed compared to all-out-unprimed, respectively). This is suggestive 337 of a greater proportional aerobic energy contribution in the self-paced-primed and all-out-338
primed trials relative to their respective unprimed conditions. Consistent with this 339 interpretation, intense priming exercise has been shown to increase aerobic ATP turnover and 340 lower anaerobic ATP turnover, without altering the total ATP turnover, during the initial 341 stages of a subsequent bout of intense constant work rate exercise. 26 was improved with priming when the same pacing strategy was employed. This finding is 354 consistent with previous reports that priming exercise is ergogenic 7-9,19-21,25 , particularly when 355 baseline blood [lactate] is elevated to 3-4 mM, 8-9,11 and suggests that priming might improve 356 short-duration high-intensity exercise performance by increasing the absolute aerobic energy 357 contribution to total energy turnover. However, since the exercise performance trials in this 358 study were conducted in competitive, but not highly trained, athletes in an exercise 359 physiology laboratory, further research is required to assess the effects of pacing and prior 360 exercise strategies on cycling performance in well-trained cyclists in the velodrome. 361 362
In conclusion, while O 2 kinetics was faster when an all-out pacing strategy was employed, 363 there were no changes in muscle (de)oxygenation, total O 2 consumption, the percentage of 364 O 2peak attained and cycling performance between these experimental conditions. However, 365
pulmonary O 2 and muscle (de)oxygenation kinetics were speeded, total O 2 consumption and 366 the percentage of O 2peak attained were increased, and cycling performance was improved in 367 the self-paced-primed and all-out-primed trials compared to their respective unprimed 368 conditions. Therefore, while combining priming with an all-out start evoked additive 369 improvements in O 2 kinetics, a similar magnitude of improvement in muscle 370 (de)oxygenation variables, total O 2 consumption and short-duration high-intensity cycling 371 performance was observed with priming regardless of the pacing strategy adopted. These 372 findings support the use of prior high-intensity priming exercise as a pre-competition 373 intervention to increase oxidative energy contribution and improve performance in short-374 duration high-intensity events such as 1000-m track cycling .  375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411  412 Acknowledgement: This research was not supported by external funding. The authors are 413 grateful to Joshua Bartlett, Myles Blenkinsop and Ian White for assistance during data 414 collection. 415 416
